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SPECIFICATION 


TITLE OF THE INVENTION 

ORGANIC ELECTROLUMINESCENT ELEMENT 
AND PRODUCTION METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to Japanese application 
No. HE I 10 (1998)-373865 filed on December 28, 1998, whose 

priority is claimed under 35 USC § 119, the disclosure of which 
is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INENTION 

The present invention relates to an organic 
electroluminescent element (organic EL element) and a 
production method thereof. More specifically, the invention 
relates to an organic EL element used for a display, etc. , and 
to a production method thereof. 

2. BACKGROUND OF THE INVENTION 

Recently, with the highly informational increase, a need 
of a low electric power consuming and light-weight display 
element thinner than then CRT for a full color flat display has 
been increased. As the display element of this kind, a 
non- spontaneous light -emitting type liquid crystal display 
(LCD) , a spontaneous light -emitting type plasma display (PDP) , 
an EL display, etc., are known. 


In the above -described display elements, the EL display 
is classified into two types of (1) an intrinsic EL element 
exciting a material (light emitting material) constituting a 
light emitting layer by the local transfer of electrons or holes 
5 in the light emitting layer and emitting light by an alternating 
current electric field and (2) a charge-injection type EL 
element exciting a light emitting material by the injection of 
electrons and holes from an electrode and the recombination of 
rj them in a light emitting layer and emitting light by a direct 
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10 current electric field, from the differences in the light - 


Hi emitting exciting mechanisms and the constituting materials . 

For the intrinsic EL element of above-described (1), a 


light emitting material made of an inorganic material is 
generally used and for the EL light emitting element of an 
15 injection type of above-described (2), a light emitting 
material made of an organic material is generally used. That 
is, there are relations that intrinsic EL element = inorganic 
EL element and charge injection type EL element = organic EL 
element . 

20 In these elements, a display using, particularly, the 

organic EL element is being watched with extremely interest 
because the display has the features that the display is a 
spontaneous light emitting type, a low electric power 
consumption can be realized, the light-emitting color is 

2 5 various , etc . 


Hitherto, as an example of the construction of the organic 
EL element, an element having a three-layer structure shown in 
Fig. 13 of the accompanying drawings is well known ( "Appl. Phys . 
Lett.", 56(9), 26 February, 1990). The organic EL element of 
prior art shown in Fig. 13 has the construction that on a 
transparent substrate 1 such as a glass are successively 
laminated an anode 2 made of an electrode material having a 
large work function, such as indium- tin oxide (ITO), a hole 
transporting layer 3 containing a hole transporting material 
13, a light emitting layer 52, an electron transporting layer 
7 containing an electron transporting material 17, and a 
cathode 8 made of an electrode material having a small work 
function, such as Mg/Ag. In the organic EL element, a voltage 
is applied between the electrodes 2 and 8 to inject electrons 
and holes in the light emitting layer 52, and by releasing the 
recombination energy of an electron-hole pair formed in the 
light emitting layer as a fluorescence or a phosphorescence, 
a light is emitted. 

As a method of producing such an organic EL element , a dry 
process such as a vacuum vapor-deposition method of forming 
film on a substrate by heat -sublimating organic materials 
constituting the organic EL element in vacuum and a wet process 
such as a Langmuir-Blodgett method (LB method) of spreading an 
organic material on a liquid surface as a thin film and 
transferring the film onto a substrate and a spin-coating 


method of preparing a solution by dissolving an organic 
material in a solvent and spin-coating the solution by dropping 
the solution onto a substrate, etc., are known. 

However, because a coloring material used for each of the 
organic layers (a hole transporting layer, a light emitting 
layer, and an electron transporting layer) in the organic El 
element has the absorption ends from a visible light region to 
a ultraviolet region, the band gap is 1 . 5 eV or higher and there 
scarcely exists a carrier in the inside of each organic layer 
at room temperature. Also, the mobility of the carrier moving 
in the coloring material is generally small . 

By these reasons, the electric resistances of the organic 
layers are very high. The high- resistance characteristics of 
the organic layers cause voltage lowering of the element and 
generation of a Joule ' s heat and further by the causes , there 
occurs a problem that the light emitting efficiency and the life 
are lowered . 

As a method of solving the problem, a method of improving 
the electric conductivities of the organic layers by increasing 
the concentration of the carrier in the inside of the hole 
transporting layer and the electron transporting layer in a 
thermal equilibrium state by doping the hole transporting layer 
with an acceptor 23 and the electron transporting layer with 
a donor 27 is proposed as shown in Japanese Unexamined Patent 
Publication No. HE I 4 ( 1992 ) -2907076 (Fig. 14). 


However, in the above-described method, the electric 
conductivities of the organic layers can be improved but the 
carrier cannot be sufficiently confined. As the result 
thereof, there are problems that the light emitting efficiency 
is lowered and with the increase of the leaked electric current 
by a reverse bias, the rectification characteristics become 
worse. 

As described above, the organic EL element strongly 
suggests the possibility as a full color flat panel display 
element of the next generation but in the production of the 
practical element, there are problems which must be solved. 

SUMMARY OF THE INVENTION 

The present invention has been made for solving the 
above -described problems and an object of this invention is to 
provide an organic electroluminescent element of the 
construction having lowered resistances of organic layers, 
having a high light emitting efficiency, and being excellent 
in electrooptical characteristics and also to provide a 
production method of the organic electroluminescent element. 

That is, according to an aspect of this invention, there 
is provided an organic electroluminescent element comprising 
at least a light emitting layer containing an organic light 
emitting material placed between an anode and a cathode, 
wherein the element has , between the anode and the light 
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emitting layer, at least a hole transporting layer containing 
a hole transporting material and an acceptor, and an electron 
injection restraining layer restraining the injection of 
electrons from the light emitting layer into the hole 
transporting layer, from the anode side, and/or, between the 
light emitting layer and the cathode, at least an electron 
transporting layer containing an electron transporting 
material and a donor, and a hole injection restraining layer 
restraining the injection of holes from the light emitting 
layer into the electron transporting layer, from the cathode 
side . 

Furthermore, according to another aspect of this 
invention, there is provided a method of producing the 
above -described organic electroluminescent element comprising 
forming each of the anode, the hole transporting layer, the 
electron injection restraining layer, the light emitting 
layer, the hole injection restraining layer, the electron 
transporting layer, and the cathode by a vacuum film- forming 
method. 

These and other objects of the present application will 
become more readily apparent from the detailed description 
given hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 


within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed 
description . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross -sectional view showing an 
organic EL element by the 1st embodiment of this invention. 

Fig 2 is a schematic cross -sectional view showing an 
organic EL element by the 2nd embodiment of this invention, 

Fig. 3 is a schematic cross -sectional view showing an 
organic EL element by the 3rd embodiment of this invention. 

Fig. 4 is a schematic cross -sectional view showing an 
organic EL element by the 4th embodiment of this invention, 

Fig. 5 is a schematic cross -sectional view showing an 
organic EL element by the 5th embodiment of this invention. 

Fig. 6 is a schematic cross -sectional view showing an 
organic EL element by the 6th embodiment of this invention. 

Fig. 7 is a schematic cross-sectional view showing an 
organic EL element by the 7th embodiment of this invention, 

Fig. 8 is a schematic cross -sectional view showing an 
organic EL element by the 8th embodiment of this invention. 

Fig. 9 is a schematic cross -sectional view showing an 
organic EL element by the 9th embodiment of this invention. 

Fig. 10 is a schematic cross -sectional view showing an 
organic EL element by the 10th embodiment of this invention. 


Fig, 11 is a schematic cross -sectional view showing an 
organic EL element by the 11th embodiment of this invention. 

Fig. 12 is a schematic cross -sectional view showing an 
organic EL element by the 12th embodiment of this invention. 

Fig. 13 is a schematic cross -sectional view showing an 
organic EL element of prior art having a 3 layer structure, and 

Fig. 14 is a schematic cross -sectional view showing an 
organic EL element of prior art doped with an acceptor and a 
donor . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Then, the invention is described in detail. 
First, as an organic EL element, there are, for example, 
the following constructions. 

(A) Anode/hole transporting layer /light emitting 
layer /cathode . 

(B) Anode/light emitting layer/electron transporting 
layer/cathode . 

(C) Anode/hole transporting layer/light emitting 
layer/electron transporting layer/cathode . 

In the above -described constructions, in the organic EL 
elements of (A) and (C), by doping the hole transporting layer 
with an acceptor, the concentration of the carriers of the hole 
transporting layer in the thermal equilibrium state is 
increased and as the result thereof, the electric conductivity 
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of the hole transporting layer is improved, whereby the 
resistance of the element can be lowered. 

However, at applying a regular bias, because in general, 
the electron affinity of an acceptor is larger than that of a 
5 hole transporting material contained in the hole transporting 
layer, the height of the energy barrier between the hole 
transporting layer and the light emitting layer making a role 
of confining electrons in the light emitting layer is reduced. 
Thus, electrons cannot be efficiently confined in the light 
10 emitting layer and the recombination possibility of electrons 
and holes is lowered. As the result thereof, the light emitting 


iu efficiency is lowered. 


For solving the problem, in this invention, the electron 
injection restraining layer is formed between the hole 


SiJ 15 transporting layer and the light emitting layer. By the 

existence of the electron injection restraining layer, the 


height of the energy barrier making a role of confining electron 
in the light emitting layer can be more increased than the case 
of directly contacting the hole transporting layer and the 

20 light emitting layer. Accordingly, electrons can be 
effectively confined in the light emitting layer and in spite 
of that an acceptor is doped in the hole transporting layer, 
a high light emitting efficiency can be obtained. 

Also, at applying a reverse bias, because the electron 

25 affinity of the acceptor is larger than that of the hole 
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transporting layer, electrons are easily injected by the 
acceptor from the anode. Also, by easily injecting electrons 
into the light emitting layer from the acceptor, a leak current 
is increased. 

5 On the other hand, by forming the electron injection 

restraining layer between the hole transporting layer and the 
light emitting layer as in this invention, the restraint of the 
injection of electrons into the light emitting layer becomes 
possible, whereby the occurrence of a leak current can be 
10 restrained. 

That is, in this invention, the organic EL element having 
a low resistance and a high light emitting efficiency and being 
excellent in the rectification characteristics can be 
realized. 

15 For the electron injection restraining layer, a known hole 

transporting material can be used. More preferably, to more 
effectively confine electrons in the light emitting layer, it 
is preferred that the electron affinity Ea (EBL) of a material 
constituting the electron injection restraining layer, the 

20 electron affinity Ea (A) of an acceptor, and the electron 
affinity Ea (EM) of a material (organic light emitting material) 
constituting the light emitting layer meet the following 
relation formula (1) 

| Ea (A) | * |Ea (EBL) | and | Ea (EM) | * |Ea (EBL> | (1) 
25 In this case, when the absolute value ( I Ea (A) I ) of the 
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electron affinity of the acceptor is smaller than the absolute 
value ( | Ea (EM) | ) of the electron affinity of the light emitting 
material ( | Ea (A) | < | Ea (EM) | ) , it becomes important that the 
absolute value ( | Ea (EBL) | ) of the electron affinity of the 
material constituting the electron injection restraining layer 
meets the former relation of the above -described formula. On 
the other hand, when the absolute value ( I Ea (A) I ) of the electron 


affinity of the acceptor is larger than the absolute value 
( | Ea (EM) | ) of the electron affinity of the light emitting 
material ( | Ea (A) | > | Ea (EM) | ) f it becomes important that the 
absolute value ( I Ea (EBL) I ) of the electron affinity of the 


material constituting the electron injection restraining layer 
meets the latter relation of the above -described formula. 
Furthermore, when the absolute value ( | Ea <A) | ) of the electron 
affinity of acceptor is the same as the absolute value ( | Ea (EM) | ) 
of the electron affinity of the light emitting material ( I Ea tA) 


= | Ea tEM) | ) , it becomes important that the absolute value 
( | Ea (EBL) | ) of the electron affinity of the material constituting 
the electron injection restraining layer meets both the 
relations of the above -described formula. 

Also, because when the kinds of the materials used for the 
organic EL element are reduced, the material cost is more 
reduced, it is preferred to use the same material as the hole 
transporting material used for the hole transporting layer as 
the material of constituting the electron injection 


restraining layer . 

Furthermore, it is preferred the thickness of the electron 
injection restraining layer is thinner than 30 nm. This is 
because, if the thickness is 30 nm or thicker, the electron 
injection restraining layer acts as a resistance, the 
improvement of the electric conductivity of the hole 
transporting layer side by doping the acceptor is not 
remarkably obtained. In addition, the thickness of the 
electron injection restraining layer is more preferably from 
5 to 20 nm. 

Then, in the above -described constitutions, in the 
organic EL elements of (A) and (B), by doping the electron 
transporting layer with a donor, the carrier concentration of 
the electron transporting layer in the thermal equilibrium 
state is increased and as the result thereof, the electric 
conductivity of the electron transporting layer is improved. 
Consequently, lowering of the resistance of the element is 
realized. 

However, at applying a regular bias, because the 
ionization potential of the donor is smaller than that of the 
electron transporting material contained in the electron 
transporting layer, the height of the energy barrier between 
the light emitting layer and the electron transporting layer 
making a role of confining holes in the light emitting layer 
becomes small. Thus, holes cannot be effectively confined in 


the light emitting layer and the recombination possibility of 
electrons and holes is lowered, and as the result thereof, the 
light emitting efficiency is lowered. 

For solving the problem, in the invention, the hole 
injection restraining layer is formed between the light 
emitting layer and the electron transporting layer. By the 
existence of the hole injection restraining layer, the height 
of the energy barrier making the role of confining the holes 
in the light emitting layer can be more increased than the case 
of directly contacting the electron transporting layer and the 
light emitting layer. Thus, the holes can be effectively 
confined in the light emitting layer and in spite of that a donor 
is doped in the electron transporting layer, a high light 
emitting efficiency can be obtained. 

Also, at applying a reverse bias, because the ionization 
potential of the donor is smaller than that of the electron 
transporting material, holes are easily injected by the donor 
from the cathode. Also, by easily injecting holes from the 
donor into the light emitting layer, a leak current is 
increased. 

On the other hand, by forming the hole injection 
restraining layer between the light emitting layer and the 
electron transporting layer as in this invention, the restraint 
of the injection of holes into the light emitting layer become 
possible, whereby the occurrence of the leak current can be 


restrained . 

That is , an organic electroluminescent element having a 
low resistance and a high light emitting efficiency and being 
excellent in the rectification characteristics can be 
realized. 

For the hole injection restraining layer, a known electron 
transporting material can be used. More preferably, for more 
effectively confining holes in the light emitting layer, it is 
preferred that the ionization potential Ip (HBL) of the material 
constituting the hole injection restraining layer, the 
ionization potential Ip (D) of the donor, and the ionization 
potential Ip (EM) of the light emitting material meet following 
relation formula (2) 

| Ip (D) | * |lp (HBL) | and | Ip (EM) | <; | Ip (HBL) | (2) 

In this case, when the absolute value ( | Ip (D) | ) of the 

ionization potential of the donor is larger than the absolute 

value ( | Ip <EM) | ) of the ionization potential of the light 

emitting material ( | Ip (D) | > | Ip (EM) | ) , it becomes important that 

the absolute value ( | IP (HBL) | ) of the ionization potential of the 

material constituting the hole injection restraining layer 

meets the former relation of the above-described formula. 

On the other hand, when the absolute value ( | Ip <D) | ) of the 

ionization potential of the donor is smaller than the absolute 

value ( | Ip (EM) | ) of the ionization potential of the light 

emitting material ( | Ip (D) | < | Ip tEM) | ) , it becomes important that 


the absolute value ( | Ip (HBL) | ) of the ionization potential of the 
material constituting the hole injection restraining layer 
meets the latter relation of the above -described formula. 
Furthermore, when the absolute value ( | Ip <D> | ) of the ionization 
potential of the donor is the same as the absolute value 
( | Ip (EM) | ) of the ionization potential of the light emitting 
material ( | Ip (D) | = | Ip (EM) | ) , it becomes important that the 
absolute value ( | Ip <HBL) | ) of the ionization potential of the 
material constituting the hole injection restraining layer 
meets both the relations of the above -described formula. 

Also, because, when the kinds of the materials used for 
the organic EL element are reduced, the material cost can be 
reduced, it is preferred to use the material same as the 
electron transporting material used for the electron 
transporting layer as the material constituting the hole 
injection restraining layer. 

Also, the thickness of the hole injection restraining 
layer is preferably thinner than 30 nm. If the thickness is 
30 nm or thicker, the hole injection restraining layer acts as 
a resistance, whereby the improvement of the electric 
conductivity of the electron transporting layer side by doping 
the donor does not become remarkable. In addition, the 
thickness of the hole injection restraining layer is more 
preferably from 5 to 20 nm. 

More practically, in the organic EL element of this 
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invention, there are following constitutions. 

(1) Anode/hole transporting layer/electron injection 
restraining layer/light emitting layer/cathode. 

(2) Anode/hole transporting layer/electron injection 
restraining layer/light emitting layer/electron transporting 
layer/cathode . 

(3) Anode/light emitting layer/hole injection 
restraining layer /electron transporting layer/cathode . 

(4) Anode/hole transporting layer/light emitting 
layer /hole injection restraining layer /electron transporting 
layer/ cathode . 

(5) Anode/hole transporting layer/electron injection 
restraining layer/light emitting layer/hole injection 
restraining layer/electron transporting layer/cathode . 

Then, the invention is explained by referring to Figs. 1 
to 12. In addition, the above -described constitution (1) 
includes Fig. 1 and Fig. 2, the constitution (2) includes Fig. 
3 and Fig. 4, the constitution (3) includes Fig. 5 and Fig. 6, 
the constitution (4) includes Fig. 7 and Fig. 8, and the 
constitution (5) includes Figs 9 to 12. 

First, Fig. 1 is a schematic cross -sectional view showing 
the organic EL element by the 1st embodiment of this invention. 
The organic EL element of Fig. 1 comprises an anode 2 formed 
on a transparent substrate 1, a hole transporting layer 31 
containing at least a hole transporting material 13 and an 


acceptor 23, an electron injection restraining layer 4, a light 
emitting layer 5, and a cathode 8. In this case, each of the 
hole transporting layer 31, the electron injection restraining 
layer 4, and the light emitting layer 5 may be a single layer 
or multilayers . 

As the transparent substrate 1, a substrate made of a 
plastic film or sheet of polyester, polymethyl methacrylate , 
polycarbonate, etc., a quartz sheet, a glass sheet, etc., can 
be used. 

As the material constituting the anode 2, from the view 
point of efficiently injecting holes in the hole transporting 
layer, a material having a large work function is preferably 
used. Practically, a metal oxide such as indium tin oxide 
(ITO), Sn0 2 , etc., and a metal such as Au, etc., can be used. 
In this case, the former (metal oxide) can be formed, for 
example, by a coating-burning method, and the latter (metal) 
can be formed by a sputtering method, a vacuum vapor-deposition 
method, etc. 

The hole transporting layer 31 contains at least the hole 
transporting material 13 and the acceptor 23 as described 
above. The hole transporting layer 31 may be constituted by 
the hole transporting material 13 and the acceptor 23 only or 
may further contain additive(s). Also, the hole transporting 
layer 31 may have a construction that the hole transporting 
material 13 and the acceptor 23 are dispersed in a high 




molecular compound or an inorganic compound. 

In this case, as the hole transporting material 13, a known 
material can be used. Practical examples of the hole 
transporting material used in this invention include inorganic 
compounds such as p-type hydrogenated amorphous silicon, p- 
type hydrogenated amorphous silicon carbide, p-type zinc 
sulfide, p-type zinc selenide, etc.; aromatic amine-base 
compounds such as N , N ' -bis- ( 3 -methylphenyl ) -N , N ' -bis - 
(phenyl) -benzidine, N , N ' -di(naphthylene-l-yl) -N,N' - 

bidiphenyl-benzidine) , etc.; low-molecular materials such as 
hydrazone-base compounds , quinacridone-base compounds , 
phthalocyanine-base compounds, etc.; hole transporting 

polymers such as polyvinyl carbazole, etc. ; Jt-con jugate system 
polymers such as poly-p-phenylenevinylene , etc.; and the 

organic compounds of cr-conjugate polymer materials such as 
polysilane, etc. 

On the other hand, the materials for the acceptor 23 

include inorganic materials such as Au, Pt, W, Ir, POCl 3 , AsF 6 , 

CI, Br, I, etc.; and organic materials , for example, compounds 

having a cyano group , such as TCNQ (7,7,8,8- 

tetracyanoquinodimethane) , TCNQF 4 ( tetraf luorotetracyano- 

quinodimethane) , TCNE ( tetracyanoethylene ) , HCNB 

( hexacyanobutadiene ) , DDQ (dicyclodicyanobenzoquinone) , 

etc.; compounds having a nitro group, such as TNF 

( trinitrof luorenone) , DNF (dinitrof luorenone) , etc. ; 


fluoranil, chloranil, bromanil # etc. In these materials, the 
compounds having a cyano group, such as TCNQ, TCNQF 4 , TCNE , 
HCNB, DDQ, etc., are more preferred. 

In addition, the addition ratio of the acceptor to the hole 

transporting material (r| <A) /r| CH ™> ) i S preferably from 1 to 20% 
by weight . 

The hole transporting layer 31 can be formed by a dry 
process such as a vacuum vapor deposition method, a CVD method, 
a plasma CVD method, a sputtering method, etc. , or a wet process 
such as a spin coating method, an LB method, etc. 

As the material constituting the electron injection 
restraining layer 4, the hole transporting material 13 
described above can be used. The electron injection 
restraining layer 4 may be constituted by the hole transporting 
material 13 only but may have a construction that the hole 
transporting material 13 is dispersed in an inorganic material 
or an organic material such as a polymer. The electron 
injection restraining layer 4 can be formed by a dry process 
such as a vacuum vapor deposition method, a CVD method, a plasma 
CVD method, a sputtering method, etc. , or a wet process such 
as a spin coating method, an LB method, etc. 

The light emitting layer 5 emits a light by the energy 
released by the recombination of holes moved from the anode 2 
through the hole transporting layer 31 and the electron 
injection restraining layer 4 and electrons injected from the 



cathode 8 . The light emitting layer 5 may be constituted by 
a light emitting material only or may have a construction that 
the light emitting material is dispersed in an inorganic 
material or an organic material such as a polymer. 

As the light emitting material, known materials can be 
used- Practically, fluorescent organic materials such as 
aromatic dimethylidene compounds, oxadiazole compounds, etc. ; 
fluorescent organometallic compounds such as an azomethine 
zinc complex, the aluminum complex of 8-hydroxyquinoline , 
etc. ; polymers such as poly-p-phenylenevinylene , etc. , can be 
used. Furthermore, if necessary, the light emitting material 
may be doped with coumarin-base coloring materials, 
pyridine-base coloring materials, Rhodamine-base coloring 
materials, acridine-base coloring materials, and fluorescent 
coloring materials such as phenoxazone, DCM (4- 
(dicyanomethylene) -2- (methyl) -6- ( 4-dimethylaminostyryl ) -4- 
pyran) , quinacridone , rubrene, etc. The light emitting layer 
5 can be formed by a dry process such as a vacuum vapor 
deposition method, a CVD method, a plasma CVD method, a 
sputtering method, etc. , or a wet process such as a spin coating 
method, an LB method, etc. 

As the material constituting the cathode 8 , from the view 
point of the injection of electrons into the light emitting 
layer, a material having a small work function is preferably 
used. Practically, metals such as aluminum, etc.; alloys such 
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as magnesium- silver , lithium-aluminum, etc. , and composite 
films of magnesium and silver, lithium fluoride and aluminum, 
etc. , can be used. The cathode 8 can be formed by sputtering, 
a vacuum vapor deposition method, etc. 

Then, Fig. 2 is a schematic cross -sectional view showing 
the organic EL element by the 2nd embodiment of this invention. 


The organic EL element of Fig. 2 comprises an anode 2 
formed on a transparent substrate 1, a hole transporting layer 
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2 containing at least a hole transporting material 13, a hole 
transporting layer 31 containing at least a hole transporting 


material 1 


8 . In thi; 


31 , the ele 


3 and an acceptor 23, an electron injection 


restraining layer 4, a light emitting layer 5, and a cathode 


ase, each of the hole transporting layers 3 and 


citron injection restraining layer 4, and the light 


15 emitting layer 5 may be a single layer or multilayers. 


As the materials constituting the transparent substrate 


1, the anode 2, the hole transporting layer 31, the electron 
injection restraining layer 4, the light emitting layer 5, and 
the cathode 8 by the 2nd embodiment of this invention, the same 
20 materials as in the 1st embodiment of this invention described 
above can be used. 

The hole transporting layer 3 contains at least the hole 


transporting material 13 as described above. 


The hole 


transporting layer 3 may be constituted by the hole 


25 transporting material only or may further contain additive(s) . 
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Also, the layer has a construction that the hole transporting 
material 13 is dispersed in a high molecular compound or an 
inorganic compound . 

In this case, as the hole transporting material 13 
contained in the hole transporting layer 3, the hole 
transporting material 13 contained in the hole transporting 
layer 31 mentioned above in the 1st embodiment of this invention 
can be used. The hole transporting layer 3 can be formed by 
a dry process such as a vacuum vapor deposition method, a CVD 
method, a plasma CVD method, a sputtering method, etc., or a 
wet process such as a spin coating method, an LB method, etc. 

Fig. 3 is a schematic cross -sectional view showing the 
organic EL element by the 3rd embodiment of this invention. The 
organic EL element of Fig. 3 comprises an anode 2 formed on a 
transparent substrate 1, a hole transporting layer 31 
containing at least a hole transporting material 13 and an 
acceptor 23, an electron injection restraining layer 4, a light 
emitting layer 5, an electron transporting layer 7 containing 
at least an electron transporting material 17, and a cathode 
8. In this case, each of the hole transporting layer 31, the 
electron injection restraining layer 4, the light emitting 
layer 5, and the electron transporting layer 7 may be a single 
layer or multilayers . 

As the materials constituting the transparent substrate 
1, the anode 2, the hole transporting layer 31, the electron 



injection restraining layer 4, the light emitting layer 5, and 
the cathode 8 by the 3rd embodiment of this invention, the same 
materials as in the 1st embodiment of this invention described 
above can be used. 

Also, the electron transporting layer 7 contains at least 
the electron transporting material 17 as described above. The 
electron transporting layer 7 may be constituted by the 
electron transporting material 17 only or may further contain 
additive(s) . Also the layer 7 may have a construction that the 
electron transporting material 17 is dispersed in a high 
molecular compound or an inorganic compound. 

In this embodiment, as the electron transporting material 
17, known materials can be used. Practically, inorganic 
compounds such as n-type hydrogenated amorphous silicon, n- 
type zinc sulfide, n-type zinc selenide, etc.; metal complex 
compounds such as the aluminum complex of 8-hydroxyquinoline , 
etc.; and organic compounds such as triazole-base compounds, 
oxadiazole-base compounds, xylol-base compounds, etc., can be 
used. 

The electron transporting layer 7 can be formed by a dry 
process such as a vacuum vapor deposition method, a CVD method, 
a plasma CVD method, a sputtering method, etc. , or a wet process 
such as a spin coating method, an LB method, etc. 

Fig. 4 is a schematic cross -sectional view showing the 
organic EL element by the 4th embodiment of this invention. The 
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organic EL element of Fig. 4 comprises an anode 2 formed on a 
transparent substrate 1, a hole transporting layer 3 containing 
at least a hole transporting material 13, a hole transporting 
layer 31 containing at least a hole transporting material 13 
and an acceptor 23, an electron injection restraining layer 4, 
a light emitting layer 5, an electron transporting layer 7 
containing at least an electron transporting material 17, and 
a cathode 8. In this case, each of the hole transporting layers 
3 and 31, the electron injection restraining layer 4, the light 
emitting layer 5 , and the electron transporting layer 7 may be 
a single layer or multilayers . 

As the materials constituting the transparent substrate 
1, the anode 2, the hole transporting layers 3 and 31, the 
electron injection restraining layer 4, the light emitting 
layer 5 f the electron transporting layer 7 and the cathode 8 
by the 4th embodiment of this invention, the same materials as 
in the 1st to 3rd embodiments of this invention described above 
can be used. 

Fig. 5 is a schematic cross-sectional view showing the 
organic EL element of the 5th embodiment of this invention. The 
organic EL element of Fig. 5 comprises an anode 2 formed on a 
transparent substrate 1, a light emitting layer 51, a hole 
injection restraining layer 6, an electron transporting layer 
71 containing at least an electron transporting material 17 and 
a donor 27, and a cathode 8. In this case, each of the light 


emitting layer 51 , the hole injection restraining layer 6, and 
the electron transporting layer 71 may be a single layer or 
multilayers . 

Also, as the materials constituting the transparent 
substrate 1, the anode 2, and the cathode 8 by the 5th embodiment 
of this invention, the same materials as in the 1st embodiment 
of this invention described above can be used. 

In this embodiment, the light emitting layer 51 emits a 
light by the energy released by the recombination of the holes 
injected from the anode 2 and the electrons moved from the 
cathode 8 through the electron transporting layer 7 and the hole 
injection restraining layer 6. The light emitting layer 51 may 
be constituted by the light emitting material only or may have 
a construction that the light emitting material is dispersed 
in an inorganic material or an organic material such as a 
polymer . 

As the light emitting material, known materials can be 
used. Practically, diphenylethylene derivatives, vinyl 
anthracene derivatives, triphenylamine derivatives, etc. , can 
be used- Furthermore, if necessary, the light emitting 
material may be doped with coumarin-base coloring materials , 
pyridine-base coloring materials, Rhodamine-base coloring 
materials, acridine-base coloring materials, and fluorescent 
coloring materials such as phenoxazone, DCM, quinacridone , 
rubrene, etc. The light emitting layer 51 can be formed by a 


dry process such as a vacuum vapor deposition method, a CVD 
method, a plasma CVD method, a sputtering method, etc. , or a 
wet process such as a spin coating method, an LB method, etc. 

Also, for the hole injection restraining layer 6, the 
electron transporting material 17 shown in the above -described 
3rd embodiment of this invention can be used. Furthermore, the 
hole injection restraining layer 6 may be constituted by the 
electron transporting material 17 only or may have a 
construction that the electron transporting material 17 is 
dispersed in an inorganic material or an organic material such 
as a polymer. 

The hole injection restraining layer 6 can be formed by 
a dry process such as a vacuum vapor deposition method, a CVD 
method, a plasma CVD method, a sputtering method, etc., or a 
wet process such as a spin coating method, an LB method, etc. 

Also, the electron transporting layer 71 contains at least 
the electron transporting material 17 and the donor 27 as 
described above. The electron transporting layer 71 may be 
constructed by the electron transporting material 17 and the 
donor 27 only or may further contain additive(s). Also the 
electron transporting layer 71 may have a construction that the 
electron transporting material 17 and the donor 27 are 
dispersed in a high molecular compound or an inorganic 
compound . 

In this case, as the electron transporting material 17, 


the materials shown in the above -described 3rd embodiment of 
this invention can be used. 

On the other hand, the donor 27 includes inorganic 
materials such as alkali metals, alkaline earth metals, rare 
earth elements , Al, Ag, Cu, In, etc. ; compounds having aromatic 
tertiary amine as the skeleton, such as anilines, 
phenylenediamines , benzidines [e.g., N,N,N',N'- 

tetraphenylbenzidine , N , N ' -bis- ( 3-methylphenyl ) -N ,N ' -bis- 
( phenyl) -benzidine, and N,N' -di( naphthalene- 1-yl) -N,N' - 
diphenyl -benzidine] , triphenylamines [e.g. , triphenylamine , 
4 , 4 ' ,4" - tris (N, N- diphenyl -amino ) -triphenylamine , 4 , 4 ' , 4" - 
tris ( N-3 -methylphenyl-N-phenyl- amino ) -triphenylamine , and 
4,4', 4 " - tris ( N- ( 1-naphthyl) - N- phenyl- amino ) - 

triphenylamine ] , t riphenyldiamines [e.g., N , N ' - di - ( 4 - 
methyl -phenyl ) -N,N' -diphenyl- 1 , 4-phenylenediamine] , etc. ; 
condensed polycyclic compounds (which may have a substituent) 
such as pyrene, perylene, anthracene, tetracene, pentacene, 
etc. ; organic materials such as TTF ( tetrathiaf urvarene ) , etc. 
In these materials, the compounds having an aromatic tertiary 
amine as the skeleton and the condensed polycyclic compounds 
are more preferred. 

In addition, the addition ratio of the donor to the 

electron transporting material (r\ iD) /ti (etm) ) is preferably from 
1 to 20% by weight. 

The electron transporting layer 71 can be formed by a dry 




process such as a vacuum vapor deposition method, a CVD method, 
a plasma CVD method, a sputtering method, etc, , or a wet process 
such as a spin coating method, an LB method, etc. 

Fig. 6 is a schematic cross -sectional view showing the 
organic EL element of the 6th embodiment of this invention. The 
organic EL element of Fig. 6 comprises an anode 2 formed on a 
transparent substrate 1, a light emitting layer 51, a hole 
injection restraining layer 6, an electron transporting layer 
71 containing at least an electron transporting material 17 and 
a donor 27, an electron transporting layer 7 containing at least 
an electron transporting material 17, and a cathode 8. In this 
case, each of the light emitting layer 51, the hole injection 
restraining layer 6 , and the electron transporting layers 7 and 
71 may be a single layer or multilayers. 

Also, as the materials constituting the layers of the 6th 
embodiment, the materials same as those in the 1st, 3rd, and 
5th embodiments of this invention described above can be used. 

Fig. 7 is a schematic cross -sectional view showing the 
organic EL element of the 7th embodiment of this invention. The 
organic EL element of Fig. 7 comprises an anode 2 formed on a 
transparent substrate 1, a hole transporting layer 3 containing 
at least a hole transporting material 13, a light emitting layer 
51, a hole injection restraining layer 6, an electron 
transporting layer 71 containing at least an electron 
transporting material 17 and a donor 27, and a cathode 8. In 


this case, each of the hole transporting layer 3, the light 
emitting layer 51, the hole injection restraining layer 6, and 
the electron transporting layer 71 may be a single layer or 
multilayers . 

As the materials constituting the layers of the 7th 
embodiment, the materials same as those in the 1st, 2nd, and 
5th embodiments of this invention described above can be used. 

Fig. 8 is a schematic cross -sectional view showing the 
organic EL element of the 8th embodiment of this invention. The 
organic EL element of Fig. 8 comprises an anode 2 formed on 
a transparent substrate 1 , a hole transporting layer 3 
containing at least a hole transporting material 13, a light 
emitting layer 51, a hole injection restraining layer 6, an 
electron transporting layer 71 containing at least an electron 
transporting material 17 and a donor 27, an electron 
transporting layer 7 containing at least an electron 
transporting material 17, and a cathode 8. In this case, each 
of the hole transporting layer 3, the light emitting layer 51, 
the hole injection restraining layer 6, the electron 
transporting layer 71 and the electron transporting layer 7 may 
be a single layer or multilayers . 

As the materials constituting the layers of the 8th 
embodiment, the materials same as those in the 1st, 2nd, 3rd 
and 5th embodiments of this invention described above can be 
used. 


Fig. 9 is a schematic cross -sectional view showing the 
organic EL element of the 9th embodiment of this invention. The 
organic EL element of Fig. 9 comprises an anode 2 formed on a 
transparent substrate 1, a hole transporting layer 31 
containing at least a hole transporting material 13 and an 
acceptor 23, an electron injection restraining layer 4, a light 
emitting layer 52, a hole injection restraining layer 6, an 
electron transporting layer 71 containing at least an electron 
transporting material 17 and a donor 27, and a cathode 8. In 
this case, each of the hole transporting layer 31 , the electron 
injection restraining layer 4, the light emitting layer 52, the 
hole injection restraining layer 6, and the electron 
transporting layer 71 may be a single layer or multilayers. 

As the materials constituting the hole transporting layer 
31, the electron injection restraining layer 4, the hole 
injection restraining layer 6, and the electron transporting 
layer 71 of the 9th embodiment, the materials same as those on 
the 1st and 5th embodiments of this invention described above 
can be used. 

In this embodiment, the light emitting layer 52 emits a 
light by the energy released by the recombination of the holes 
moved from the anode 2 through the hole transporting layer 31 
and the electron injection restraining layer 4 and the 
electrons moved from the cathode 8 through the electron 
transporting layer 71 and the hole injection restraining layer 
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6. Also, the light emitting layer 52 may be composed of the 
light emitting material only or may have a construction that 
the light emitting material is dispersed in an inorganic 
material or an organic material such as a polymer. As the light 
5 emitting material, the same light emitting materials as in the 
1st and 5th embodiments described above can be used. Also, if 
necessary, the light emitting material may be doped with the 
fluorescent coloring materials as in the 1st and 5th 
embodiments described above. 
10 The light emitting layer 52 can be formed by a dry process 


ry such as a vacuum vapor deposition method, a CVD method, a plasma 

CVD method, a sputtering method, etc., or a wet process such 


s as a spin coating method, an LB method, etc. 

ffi Fig. 10 is a schematic view showing the organic EL element 


15 of the 10th embodiment of this invention. The organic EL 
element of Fig. 10 comprises an anode 2 formed on a transparent 
substrate 1, a hole transporting layer 3 containing at least 
a hole transporting material 13, a hole transporting layer 31 
containing at least a hole transporting material 13 and an 

20 acceptor 23, an electron injection restraining layer 4, a light 
emitting layer 52, a hole injection restraining layer 6, an 
electron transporting layer 71 containing at least an electron 
transporting material 17 and a donor 27, and a cathode 8. In 
this case, each of the hole transporting layer 3, the hole 

25 transporting layer 31, the electron injection restraining 


layer 4, the light emitting layer 52 , the hole injection 
restraining layer 6, and the electron transporting layer 71 may 
be a single layer or multilayers. 

As the materials constituting the layers of the 10th 
embodiment, the materials same as those in the 1st, 2nd, 5th 
and 9th embodiments of this invention described above can be 
used. 

Fig. 11 is a schematic cross -sectional view showing the 
organic EL element of the 11th embodiment of this invention. 
The organic EL element of Fig. 11 comprises an anode 2 formed 
on a transparent substrate 1, a hole transporting layer 31 
containing at least a hole transporting material 13 and an 
acceptor 32, an electron injection restraining layer 4, a light 
emitting layer 52, a hole injection restraining layer 6, an 
electron transporting layer 71 containing at least an electron 
transporting material 17 and a donor 27, an electron 
transporting layer 7 containing at least an electron 
transporting material 17, and a cathode 8. In this case, each 
of the hole transporting layer 31, the electron injection 
restraining layer 4, the light emitting layer 52, the hole 
injection restraining layer 6, the electron transporting layer 
71, and the electron transporting layer 7 may be a single layer 
or multilayers . 

As the materials constituting the layers of the 11th 
embodiment, the materials same as those in the 1st, 3rd, 5th 


and 9th embodiments of this invention described above can be 
used. 

Fig. 12 is a schematic cross-sectional view showing the 
organic EL element of the 12th embodiment of this invention. 
The organic EL element of Fig. 12 comprises an anode 2 formed 
on a transparent substrate 1, a hole transporting layer 3 
containing at least a hole transporting material 13 , a hole 
transporting layer 31 containing at least a hole transporting 
material 13 and an acceptor 23, an electron injection 
restraining layer 4, a light emitting layer 52, a hole injection 
restraining layer 6, an electron transporting layer 71 
containing at least an electron transporting material 17 and 
a donor 27, an electron transporting layer 7 containing at least 
an electron transporting material 17, and a cathode 8. In this 
case, each of the hole transporting layer 3, the hole 
transporting layer 31, the electron injection restraining 
layer 4, the light emitting layer 52, the hole injection 
restraining layer 6, the electron transporting layer 71, and 
the electron transporting layer 7 may be a single layer or 
multilayers . 

As the materials constituting the layers of the 12th 
embodiment, the materials same as those in the 1st, 2nd, 3rd, 
5th and 9th embodiments of this invention described above can 
be used. 

In addition, in the organic EL element having the 
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three -layer structure that the hole transporting layer, the 
light emitting layer, and the electron transporting layer are 
placed between the anode and the cathode, the hole transporting 
layer having a lower hole transporting faculty or the electron 
5 transporting layer having a lower electron transporting 
faculty dominates the resistance as the element. Therefore, 
when the hole transporting faculty of the hole transporting 
layer is lower, the resistance as the element can be reduced 
by doping the hole transporting layer with the acceptor and when 
10 the electron transporting faculty of the electron transporting 


nj layer is lower, the resistance as the element can be reduced 


Lb by doping the electron transporting layer with the donor, 

s Particularly, it is better that both the hole transporting 

OJ layer and the electron transporting layer are doped with the 


15 acceptor and the donor respectively. In this case, both effects 
of the element wherein the hole transporting layer is doped with 
the acceptor and the electron transporting layer is doped with 
the donor can be obtained. 

Then, the following examples are intended to illustrate 

20 the present invention in detail but not to limit the invention 
in any way. 

( 1 ) When a hole transporting layer is doped with the 
acceptor : 

(1-1) Preparation of organic EL element having a two- 
25 layer structure (hole transporting layer + light emitting 
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layer) : 

Comparative Example 1 

A transparent substrate having formed on the surface 
thereof an indium- tin oxide (ITO) layer having a surface 

resistance of 10 Q/ and an area of 50 mm square was used, the 
ITO layer was patterned into stripes of 2 mm in width, after 
washing it with water, the substrate was subjected to pure- 
water ultrasonic washing for 10 minutes, acetone ultrasonic 
washing for 10 minutes, and isopropyl alcohol vapor washing for 

5 minutes, and dried at 100°C for one hour. Then, the substrate 
was fixed to a substrate holder in a resistance-heating vapor 
deposition apparatus and the apparatus was evacuated to a 

vacuum of 1 x 10" 4 Pa or lower. In addition, the patterned ITO 
layer is used as an anode. 

Thereafter, as a hole transporting layer, N, N ' - 
di ( naphthylene - 1 -yl ) -N , N ' -bidiphenyl -benzidine 
(hereinafter, is referred to as simply NPD) shown by following 
structural formula (1) was laminated on the substrate at a vapor 
deposition rate of 0.4 nm/second such that the film thickness 
became 100 nm. 

Then, as a light emitting layer, tris(8- 
hydroxyquinolinato ) aluminum (hereinafter, is referred to as 
simply Alq 3 ) shown by following structural formula (2) was 
laminated on the hole transporting layer at a vapor deposition 
rate of 0.2 nm/second such that the film thickness became 50 
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nm. 

Finally, a cathode made of LiF-Al was formed by laminating 
LiF on the light emitting layer at a vapor deposition rate of 
0.02 nm/second such that the film thickness became 1 nm and by 
5 laminating Al on the LiF film at a vapor deposition rate of 0.6 
nm/second such that the film thickness became 100 nm. 

Thus , an organic EL element composed of the anode, the hole 
transporting layer, the light emitting layer, and the cathode 
was obtained. 



5 Structural formula (1) Structural formula (2) 


Comparative Exam 



By following the same procedure as Comparative Example 1 
except that as a hole transporting layer, each of NPD and 
0 7 , 7 , 8 , 8- tetracyanoquinodimethane (hereinafter, is referred to 
as simply TCNQ) shown by following structural formula (3) was 
laminated at vapor deposition rates of 0.4 nm/second and 0.004 
nm/second respectively such that the film thickness became 100 
nm, an organic EL element was obtained. 
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Structural formula (3) 


Comparative Example 3 

By following the same procedure as Comparative Example 1 
except that as a hole transporting layer, each of NPD and 
hexacyanobutadiene (hereinafter, is referred as simply HCNB) 
10 shown by following structural formula (4) was laminated at 
vapor deposition rates of 0.4 nm/second and 0.04 nm/second 
respectively such that the film thickness became 100 nm, an 
organic EL element was obtained. 
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Structural formula ( 4 ) 


Examples 1 and 2 

By following the same procedures as Comparative Example 
2 (Example 1) and Comparative Example 3 (Example 2) except that 
10 between each hole transporting layer and each light emitting 
layer, as an electron injection restraining layer, NPD was 
laminated at a vapor deposition rate of 0,4 nm/ second such that 
the film thickness became 10 nm, organic EL elements were 
obtained, 

15 (1-2) Preparation of an organic EL element having a 

three -layer structure (hole transporting layer + light 
emitting layer + electron transporting layer) : 


20 thereof an indium-tin oxide (ITO) layer having a surface 

resistance of 10 Q/ and an area of 50 mm square was used, the 
ITO film was patterned into stripes of 2 mm in width, after 

washing it with water, the substrate was subjected to pure- 
water ultrasonic washing for 10 minutes, acetone ultrasonic 
25 washing for 10 minutes, and isopropyl alcohol vapor washing for 


Comparative Example 4 


A transparent substrate having formed on the surface 
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5 minutes, and dried at 100°C for one hour. Then, the substrate 
was fixed to a substrate holder in a resistance-heating vapor 

deposition apparatus and the apparatus was evacuated to a 

vacuum of 1 x 10" 4 Pa or lower. In addition, the patterned ITO 
5 is used as an anode. 

Thereafter, as a hole transporting layer, NPD was 
laminated on the substrate at a vapor deposition rate of 0.4 
nm/second such that the film thickness became 100 nm. 

Then, as a light emitting layer, bis ( 2 -methyl- 8- 
10 quinolinolato) (p-phenylphenolato) aluminum (hereinafter, is 


Sf referred to as simply BAlq) shown by following structural 


formula (5) was laminated on the hole transporting layer at a 


vapor deposition rate of 0.2 nm/second such that the film 
M= thickness became 20 nm. 


15 Then, as an electron transporting layer, Alq 3 was 

laminated on the light emitting layer at a vapor deposition rate 
of 0.2 nm/second such that the film thickness became 30 nm. 

Finally, a cathode made of LiF-Al was formed by laminating 
LiF on the light emitting layer at a vapor deposition rate of 

20 0.02 nm/second such that the film thickness became 1 nm and by 
laminating Al on the LiF layer at a vapor deposition rate of 
0.6 nm/second such that the film thickness became 100 nm. 

Thus , an organic EL element composed of the anode , the hole 
transporting layer, the light emitting layer, the electron 

25 transporting layer, and the cathode was obtained. 



Structural formula { 5 ) 

.A 

Comparative Example 5 

By following the same procedure as Comparative Example 4 
except that as a hole transporting layer, each of NPD and TCNQ 
was laminated at vapor deposition rates of 0.4 nm/second and 
0-004 nm/second respective such that the film thickness became 
100 nm, an organic EL element was obtained. 

Example 3 

By following the same procedure as Comparative Example 5 
except that between the hole transporting layer and the light 
emitting layer, as an electron injection restraining layer, NPD 
was laminated at a vapor deposition rate of 0.4 nm/second such 
that the film thickness became 10 nm, an organic EL element was 
obtained. 

Example 4 

By following the same procedure as Comparative Example 5 
except that between the hole transporting layer and the light 
emitting layer, as an electron injection restraining layer, 
copper phthalocyanine (hereinafter, is referred to as simply 
CuPc) shown by following structural formula (6) was laminated 



at a vapor deposition rate of 0.4 nm/second such that the film 
thickness became 10 nm, an organic EL element was obtained. 



Structural formula ( 6 ) 

E xa m ple 5 

By following the same procedure as Comparative Example 5 
except that between the hole transporting layer and the light 
emitting layer, as an electron injection restraining layer, 
4,4' , 4 " - tris (N-3-methylphenyl-N-phenyl-amino ) - 
triphenylamine (hereinafter, is referred to as simply MTDATA) 
shown by the following structural formula (7) was laminated at 
a vapor deposition rate of 0.4 nm/second such that the film 
thickness became 10 nm, an organic EL element was obtained. 



Structural formula (7) 

Example 6 

By following the same procedure as Example 3 except that 
the electron injection restraining layer was laminated such 
that the film thickness became 5 nm, an organic EL element was 
obtained. 

Example 7 

By following the same procedure as Example 3 except that 
the electron injection restraining layer was laminated such 
that the film thickness became 20 nm, an organic EL element was 
obtained. 

Example 8 

By following the same procedure as Example 3 except that 
the electron injection restraining layer was laminated such 
that the film thickness became 30 nm, an organic EL element was 
obtained. 

Example 9 

By following the same procedure as Example 3 except that 
as the hole transporting layer, each of NPD and TCNQ was 



laminated at vapor deposition rates of 0.4 nm/second and 0.02 
nm/ second respectively such that the film thickness became 100 
nm # an organic EL element was obtained. 
Example 10 

By following the same procedure as Example 3 except that 
as the hole transporting layer, each of NPD and TCNQ was 
laminated at vapor deposition rates of 0 . 4 nm/second and 0.04 
nm/second respectively such that the film thickness became 100 
nm, an organic EL element was obtained. 

Example 11 

By following the same procedure as Example 3 except that 
as the hole transporting layer, each of NPD and TCNQ was 
laminated at vapor deposition rates of 0.4 nm/second and 0.08 
nm/second respectively such that the film thickness became 100 
nm, an organic EL element was obtained. 


By following the same procedure as Example 3 except that 
as a 2nd hole transporting layer, CuPc was laminated between 
ITO and NPD at vapor deposition rates of 0.2 nm/second such 
that the film thickness became 15 nm, an organic EL element was 
obtained. 

The constructions of the elements obtained in (1-1) and 
(1-2) described above are shown in Table 1 below. 



Table 1 



Element Constructions 

Acceptor 
concentr 
ation 
( wt . % ) 
{*) 

Thickness 
of 

electron 
injection 
retaining 
layer 

Hole 
transpo 
rting 
layer 

Hole 
transpo 
rting 
layer 

Accept 
or 

Electron 
injection 
retaining 
layer 

Light 
emitt 
ing 
layer 

Electro 
n 

transpo 
rting 
layer 

Compara 

tive 
Example 
1 


NPD 



Alq 3 




Compara 

tive 
Example 
2 


NPD 

TCNQ 


Alq 3 


1 

- 

Compara 

tive 
Example 
3 

_ 

NPD 

HCNB 

_ 

Alq 3 


1 


Example 
1 

— 

NPD 

TCNQ 

NPD 

Alq 3 


1 

10 nin 

Example 
2 

— 

NPD 

HCNB 

NPD 

Alq 3 

— 

1 

10 nm 

Compara 

tive 
Example 
4 

— 

NPD 

_ 

_ 

BAlq 

Alq 3 



Compara 

tive 
Example 
5 

- 

NPD 

TCNQ 

- 

BAlq 

Alq 3 

1 


Example 
3 

- 

NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

1 

10 nm 

Cixampxe 
4 


NPD 

TCNQ 

CuPc 

BAlq 

Alq 3 

i 

JL 

iu nm 

Example 
5 


NPD 

TCNQ 

MIDATA 

BAlq 

Alq 3 

1 

10 nm 

Example 
6 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

1 

5 nm 

Example 
7 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

1 

20 nm 

Example 
8 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

1 

30 nm 

Example 
9 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

5 

10 nm 

Example 
10 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

10 

10 nm 

Example 
11 


NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

20 

10 nm 

Example 
12 

CuPc 

NPD 

TCNQ 

NPD 

BAlq 

Alq 3 

1 

10 nm 


(*): r\ iAi /r\ twm) 


(1-3) Measurement of element characteristics: 
By applying a direct current voltage to each of the 
elements obtained as described above, the current density and 
the luminance in this case were simultaneously measured. Also, 
from the measurement results, the light emission efficiency was 


calculated. 

Furthermore, the ionization potential (Ip) (measurement 
instrument: AC-1, manufactured by Riken Reiki K.K. ) and the 
band gap (Eg) (measurement instrument: U-3410 type self- 
supporting spectrophotometer, manufactured by Hitachi, Ltd.) 
were determined and the electron affinity (Ea) was calculated 
therefrom. From the electron affinity obtained, the height of 
the energy barrier making a role of confining electrons in the 
light emitting layer was calculated. 

The results are shown in Table 2 below. 
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Table 2 


IT 


Pa 3 
13" 

□ 

fssr: 
ft:-! 

5 


V 5 

u3 




Characteristics at current density 
of 100 mA/cm 2 

Electron Affinity (eV) 

Heigh 
t of 


Voltag 
e (V) 

Luminan 

ce 
(cd/m 2 ) 

Ef f icie 
ncy 
(cd/A) 

Emitt 

ed 
color 

Hole 
transpo 
rting 
materia 
1 

Accep 
tor 

Electro 
n 

inject! 
on 

restrai 
ning 
layer 

Light 
emit tin 
9 

materia 
1 

energ 

y 

barri 
er 
<eV) 
(*) 

Com par a 

tive 
Example 
1 

8 . 3 

2800 

2.8 

Green 

2.38 



3. 10 

0.72 

Compara 

tlve 
Example 
2 

5 . 2 

1500 

1.5 

Green 

2. 38 

3.21 

— 

3. 10 

-0. 11 

Compara 

tlve 
Example 
3 

6 . 0 

1300 

1.3 

Green 

2.38 

3.11 


3.10 

-0.01 

Example 
1 

6.0 

2600 

2.6 

Green 

2.38 

3 . 21 

2.38 

3.10 

0.72 

Example 
2 

6 . 2 

2500 

2.5 

Green 

2. 38 

3 . 11 

2. 38 

3 . 10 

0 .72 

Compara 

tlve 
Example 
4 

13.4 

780 

0.78 

Blue 

2.38 



3.03 

0 . 65 

Compara 

tive 
bx ample 
5 

9 . 8 

360 

0 . 36 

Blue 

2 . 38 

3 . 21 


3 .03 

-0.18 

Example 
3 

10 . o 

T f\ f\ 

700 

0.70 

Blue 

2.38 

3.21 

2.38 

3.03 

0.65 

Hi .A. Oil I JJ X t3 

4 

10 . 4 

200 

0.20 

Blue 

2 .38 

3.21 

3.55 

3.03 


Example 
5 

10.8 

740 

0.74 

Blue 

2.38 

3.21 

2.11 

3.03 

0. 92 

Example 
6 

10.2 

680 

0.68 

Blue 

2.38 

3.21 

2.38 

3.03 

0. 65 

Example 
7 

13 . 0 

730 

0. 73 

Blue 

2.38 

3.21 

2.38 

3.03 

0.65 

Example 
8 

14. 6 

760 

0. 76 

Blue 

2. 38 

3.21 

2. 38 

3 .03 

0 . 65 

Example 
9 

9.6 

680 

0.68 

Blue 

2.38 

3.21 

2.38 

3.03 

0.65 

Example 
10 

9.5 

690 

0. 69 

Blue 

2.38 

3.21 

2.38 

3. 03 

0.65 

Example 
11 

9.3 

680 

0.68 

Blue 

2.38 

3.21 

2.38 

3.03 

0.65 

Example 
12 

9.4 

710 

0 .71 

Blue 

2.38 

3.21 

2.38 

3.03 

0.65 


(*): Height of energy barrier making a role of confining electrons in light emitting layer 


Then, the results shown in Table 2 are explained. 

In the organic EL elements having a two-layer structure, 
by comparing Comparative Example 1 with Comparative Examples 
2 and 3 , it is clearly shown that by doping the hole transporting 
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layer with the acceptor, the applying voltage in a definite 
electric current value is lowered but the light emission 
efficiency is lowered. 

Then, by comparing Example 1 with Comparative Example 2 
and comparing Example 2 with Comparative Example 3, it can be 
seen that by forming the electron injection restraining layer 
between the hole transporting layer and the light emitting 
layer, lowering of the light emission efficiency can be 
restrained while lowering the applying voltage in a definite 
electric current value . 

Also, in the organic EL elements having a three-layer 
structure, by comparing Comparative Example 4 with Comparative 
Example 5 , it is clearly shown that by doping the hole 
transporting layer with the acceptor, the applying voltage in 
a definite electric current value is lowered but the light 
emission efficiency is also lowered. 

Then, by comparing Example 3, Examples 9 to 11 and Example 
12 with Comparative Example 5, it can be seen that by forming 
the electron injection restraining layer between the hole 
transporting layer and the light emitting layer, lowering of 
the light emission efficiency can be restrained while lowering 
the applying voltage in a definite electric current value. 

Also, from Examples 3 to 5 , it can be seen that as the 
height of the energy barrier between the electron injection 
retaining layer and the light emitting layer is higher. 


1 1 It I 

i ■ " 


electrons can be more effectively confined, whereby the light 
emission efficiency becomes better. 

Also, by comparing Example 4 with other examples, it can 

be seen that when the conditions of | Ea (A) | ;> |Ea (EBL) | and | Ea (EM) | 
Ea (EBL) | are satisfied, the light emission efficiency is more 
improved . 

Then, by comparing Examples 6 to 8 with Example 3, it can 
be seen that when the film thickness of the electron injection 
restraining layer is thinner, the effect of doping the acceptor 


£ 10 is more obtained without increasing the applying voltage in a 


definite electric current value. 

(2) When the electron transporting layer is doped with 
a donor : 

(2-1) Preparation of the organic EL element having a 
15 two -layer structure (light emitting layer + electron 
transporting layer) : 

Comparative Example 6 

A transparent substrate having formed on the surface 
thereof an indium- tin oxide (ITO) layer having a surface 

20 resistance of 10 Q/ and an area of 50 mm square was used, the 
ITO layer was patterned into stripes of 2 mm in width, after 

washing it with water, the substrate was subjected to pure- 
water ultrasonic washing for 10 minutes, acetone ultrasonic 
washing for 10 minutes, and isopropyl alcohol vapor washing for 

25 5 minutes, and dried at 100°C for one hour. Then, the substrate 



was fixed to a substrate holder in a resistance-heating vapor 
deposition apparatus and the apparatus was evacuated to a 

vacuum of 1 x 10" 4 Pa or lower. In addition, the patterned ITO 
layer is used as an anode. 

Thereafter, as a light emitting layer, 1,1,4,4- 
tetraphenyl- 1 , 3-butadiene (hereinafter, is referred to as 
simply TPB) shown by following structural formula (8) was 
laminated on the substrate at a vapor deposition rate of 0.2 
nm/ second such that the film thickness became 50 nm. 

Then, as an electron transporting layer, 2-(4-t- 
butylphenyl) -5- ( 4-biphenylyl ) -1 , 3 , 4-oxazole (hereinafter, is 
referred to as simply tBu-PBD) shown by following structural 
formula (9) was laminated on the light emitting layer at a vapor 
deposition rate of 0.2 nm/second such that the film thickness 
became 50 nm. 

Finally, a cathode made of LiF-Al was formed by laminating 
LiF on the light emitting layer at a vapor deposition rate of 
0.02 nm/second such that the film thickness became 1 nm and by 
laminating Al on the LiF film at a vapor deposition rate of 0 . 6 
nm/second such that the film thickness became 100 nm. 

Thus, an organic EL element composed of the anode, the 
light emitting layer, the electron transporting layer, and the 
cathode was obtained. 
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Structural formula (8) 


Structural formula (9) 


Comparative Example 7 

By following the same procedure as Comparative Example 6 
except that as an electron transporting layer, each of tBu- 
PBD and triphenylamine (hereinafter, is referred to as simply 
TPA) shown by following structural formula (10) was laminated 
at vapor deposition rates of 0.4 nm/second and 0.004 nm/second 
respectively such that the film thickness became 50 nm, an 
organic EL element was obtained. 


r 




Structural formula ( 10 ) 


Comparative Example 8 

By following the same procedure as Comparative Example 6 
except that as an electron transporting layer, each of tBu- 
PBD and perylene shown by following structural formula (11) was 
laminated at vapor deposition rates of 0 . 4 nm/second and 0.004 



• 


nm/second respectively such that the film thickness became 50 
nm, an organic EL element was obtained. 


Examples 13 and 14 

By following the same procedures as Comparative Examples 
7 (Example 13) and 8 (Example 14) except that between the light 
emitting layer and the electron transporting layer, as a hole 
injection restraining layer, tBu-PBD was laminated at a vapor 
deposition rate of 0.2 nm/second such that the film thickness 
became 10 nm, organic EL elements were obtained. 

(2-2) Preparation of the organic EL element having a 
three- layer structure (hole transporting layer + light 
emitting layer + electron transporting layer) : 

Comparative Example 9 

A transparent substrate having formed on the surface 
thereof an indium-tin oxide (ITO) layer having a surface 

resistance of 10 Q/ and an area of 50 mm square was used, the 
ITO layer was patterned into stripes of 2 mm in width, after 

washing it with water, the substrate was subjected to pure- 
water ultrasonic washing for 10 minutes, acetone ultrasonic 



Structural formula (11) 



washing for 10 minutes, and isopropyl alcohol vapor washing for 

5 minutes, and dried at 100°C for one hour. Then, the substrate 
was fixed to a substrate holder in a resistance-heating vapor 
deposition apparatus and the apparatus was evacuated to a 

vacuum of 1 x 10" 4 Pa or lower. In addition, the patterned ITO 
layer is used as an anode. 

Thereafter, as a hole transporting layer, NPD was 
laminated on the substrate at a vapor deposition rate of 0.4 
nm/second such that the film thickness became 50 nm. 

Then, as a light emitting layer, BAlq was laminated on the 
hole transporting layer at a vapor deposition rate of 0 . 2 
nm/second such that the film thickness became 20 nm. 

Then, as an electron transporting layer, Alq 3 was 
laminated on the light emitting layer at a vapor deposition rate 
of 0.2 nm/second such that the film thickness became 30 nm. 

Finally, a cathode made of LiF-Al was formed by laminating 
LiF on the light emitting layer at a vapor deposition rate of 
0.02 nm/second such that the film thickness became 1 nm and by 
laminating Al on the LiF film at a vapor deposition rate of 0.6 
nm/second such that the film thickness became 100 nm. 

Thus, an organic EL element composed of the anode, the hole 
transporting layer, the light emitting layer, the electron 
transporting layer, and the cathode was obtained. 

Comparative Example 10 

By following the same procedure as Comparative Example 9 


except that as the electron transporting layer, each of Alq 3 
and TPA was laminated at vapor deposition rates of 0.4 nm/ second 
and 0.004 nm/second respectively such that the film thickness 
became 30 nm, an organic EL element was obtained. 
Comparative Example 11 

By following the same procedure as Comparative Example 9 
except that as the electron transporting layer, each of Alq 3 
and perylene was laminated at vapor deposition rates of 0.4 
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nm/second and 0.004 nm/second respectively such that the film 
10 thickness became 30 nm, an organic EL element was obtained. 

Comparative Example 12 

By following the same procedure as Comparative Example 9 
except that as the electron transporting layer, each of Alq 3 
and N , N ' -di- ( 4 -methyl -phenyl ) -N , N ' -diphenyl- 1 , 4 -phenylene- 
15 diamine (hereinafter, is referred to as simply MPPD) shown by 
following structural formula (12) was laminated at vapor 


deposition rates of 0.4 nm/second and 0.004 nm/second 
respectively such that the film thickness became 30 nm, an 
organic EL element was obtained. , 


20 
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25 Structural formula (12) 


53 



By following the same procedures as Comparative Examples 
10 to 12 except that between the light emitting layer and the 
electron transporting layer, as a hole injection restraining 
layer, Alq 3 was laminated at a vapor deposition rate of 0.2 
nm/ second such that the film thickness became 10 nm, organic 
EL elements were obtained. 

Example 18 

By following the same procedure as Comparative Example 10 
except that between the light emitting layer and the electron 
transporting layer, as a hole injection restraining layer, 
tBu-PBD was laminated at a vapor deposition rate of 0.2 
nm/second such that the film thickness became 10 nm, an organic 
EL element was obtained. 


By following the same procedure as Example 15 except that 
the hole injection restraining layer was laminated such that 
the thickness thereof became 5 nm, an organic EL element was 
obtained. 

Example 20 

By following the same procedure as Example 15 except that 
the hole injection restraining layer was laminated such that 
the thickness thereof became 20 nm, an organic EL element was 
obtained. 

Example 21 



By following the same procedure as Example 15 except that 
the hole injection restraining layer was laminated such that 
the thickness thereof became 30 nm, an organic EL element was 
obtained. 

Example 22 

By following the same procedure as Example 15 except that 
as the electron transporting layer, each of Alq 3 and TPA was 
laminated at vapor deposition rates of 0 . 4 nm/second and 0.02 
nm/second such that the film thickness became 30 nm an organic 
EL element was obtained. 

Example 23 

By following the same procedure as Example 15 except that 
as the electron transporting layer, each of Alq 3 and TPA was 
laminated at vapor deposition rates of 0.4 nm/second and 0.04 
nm/second such that the film thickness became 30 nm an organic 
EL element was obtained. 

Example 24 

By following the same procedure as Example 15 except that 
as the electron transporting layer, each of Alq 3 and TPA was 
laminated at vapor deposition rates of 0.4 nm/second and 0.08 
nm/second such that the film thickness became 30 nm an organic 
EL element was obtained. 

The constructions of the organic EL elements obtained in 
(2-1) and (2-2) described above are shown in Table 3 below. 




Table 3 
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Element Constructions 

Toner 
concentrat 
ion ( wt . % ) 
(*) 

Thickness 

of hole 
injection 
restrainin 
g layer 

Hole 
transpo 
rting 
layer 

Light 
emittin 
g layer 

Hole 
injection 
restraining 
layer 

Donor 

Electron 
transport! 
ng layer 

Compara 

tive 
Example 
6 


TPB 



tBu-PBD 



Compara 

tive 
Example 
7 


TPB 


TPA 

tBu-PBD 

1 

- 

Compara 

tive 
Example 
8 


TPB 


Perylen 
e 

tBu-PBD 

1 

- 

Example 
13 


TPB 

tBu-PBD 

TPA 

tBu-PBD 

1 

10 nm 

Example 
14 


TPB 

tBu-PBD 

Perylen 
e 

tBu-PBD 

1 

10 nm 

Compara 

tive 
Example 
9 

NPD 

BAlq 



Alq, 

- 

- 

Compara 

tive 
Example 
10 

NPD 

BAlq 


TPA 

Alq, 

1 

— 

Compara 

tive 
Example 
11 

NPD 

BAlq 


Perylen 

e 

Alq 3 

1 

— 

Compara 

tive 
Example 
12 

NPD 

BAlq 


MPPD 

Alq 3 

1 


Example 
15 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

1 

10 nm 

Example 
16 

NPD 

BAlq 

Alq 3 

Perylen 
e 

Alq 3 

1 

10 nm 

Example 
17 

NPD 

BAlq 

Alq 3 

MPPD 

Alq 3 

1 

10 nm 

Example 
18 

NPD 

BAlq 

tBu-PBD 

TPA 

Alq 3 

1 

10 nm 

Example 
19 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

1 

5 nm 

Example 
20 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

1 

20 nm 

Example 
21 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

1 

30 nm 

Example 
22 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

5 

10 nm 

Example 
23 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

10 

10 nm 

Example 
24 

NPD 

BAlq 

Alq 3 

TPA 

Alq 3 

20 

10 nm 


(*): T1 ,D, /T1 


(D) /— (ETM) 


(2-3) Measurement of element characteristics: 

About the organic EL elements obtained as described above. 


the characteristics of them were measured by the same 
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conditions as in (1-3) described above . 

The results obtained are shown in Table 4 below 


Table 4 


t i : 


c 

n! 

I IS 1 
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Characteristics at current density 
of 100 mA/cm 2 

Ionization Potential (eV) 

Height 
of 

energy 
barrier 
( eV ) ( * ) 

Voltag 
e (V) 

Luminan 
ce 
(cd/m 2 ) 

Efflcie 
ncy 
(cd/A) 

Emitt 

ed 
color 

Light 
emitt 

ing 
mater 

ial 

Hole 
injecti 

on 
restrai 
ning 
layer 

Donor 

Electro 
n 

transpo 
rting 
materia 
1 

Compara 

tive 
Example 
6 

14 . 0 

410 

0 .41 

Blue 

5.69 


- 

5 .89 

0 . 20 

Compara 

tive 
Example 
7 

9.2 

100 

0. 10 

Blue 

5.69 


5.52 

5.89 

-0. 17 

Compara 

tive 
Example 
8 

10.1 

91 

0.09 

Blue 

5.69 


5.35 

5.89 

-0. 34 

Example 
13 

10. 4 

360 

0. 36 

Blue 

5.69 

5.89 

5. 52 

5.89 

0 . 20 

Example 
14 

11.0 

300 

0. 30 

Blue 

5.69 

5.89 

5.35 

5.89 

0 . 20 

Compara 

tive 
Example 
9 

13 . 0 

1000 

1.0 

Blue 

5.64 



5. 70 

0 . 06 

Compara 

tive 
Example 
10 

6.4 

420 

0 . 42 

Blue 

5. 64 


5.52 

5. 70 

-0 . 12 

compara 

tive 
Example 
11 

7.3 

210 

0.21 

Blue 

5.64 


5 . 35 

5. 70 

- u . y 

Compara 

tive 
Example 
12 

6.5 

440 

0.44 

Blue 

5.64 


5.41 

5. 70 

-0. 23 

Example 
15 

6 . 7 

870 

0.87 

Blue 

5.64 

5. 70 

5. 52 

5 . 70 

0 .06 

Example 
16 

7.9 

610 

0.61 

Blue 

5.64 

5.70 

5.35 

5.70 

0.06 

Example 
17 

7.0 

920 

0.92 

Blue 

5.64 

5.70 

5.41 

5. 70 

0.06 

Example 
18 

7.0 

960 

0.96 

Blue 

5.64 

5.89 

5.52 

5. 70 

0. 25 

Example 
19 

6.2 

860 

0.86 

Blue 

5.64 

5.70 

5. 52 

5 . 70 

0. 06 

Example 
20 

10.9 

900 

0.90 

Blue 

5.64 

5.70 

5. 52 

5 . 70 

0.06 

Example 
21 

12.8 

940 

0.94 

Blue 

5.64 

5.70 

5.52 

5. 70 

0 .06 

Example 
22 

6 . 5 

840 

0.84 

Blue 

5.64 

5.70 

5.52 

5. 70 

0 .06 

Example 
23 

6 . 3 

820 

0.82 

Blue 

5.64 

5. 70 

5 .52 

5. 70 

0. 06 

Example 
24 

6.0 

830 

0 .83 

Blue 

5.64 

5. 70 

5 .52 

5. 70 

0.06 


(*) Height of the energy barrier making a role of confining holes in light emitting layer 
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The results shown in Table 4 are explained. 

In the organic EL elements having a two-layer structure, 
by comparing Comparative Example 6 with Comparative Examples 
7 and 8 , it is clearly shown that by doping the electron 
transporting layer with the donor, the applying voltage in a 
definite electric current value is lowered but the light 
emission efficiency is lowered. 

Then, by comparing Example 13 with Comparative Example 7 
and comparing Example 14 with Comparative Example 8, it can be 
seen that by forming the hole injection restraining layer 
between the light emitting layer and the electron transporting 
layer, lowering of the light emission efficiency can be 
restrained while lowering the applying voltage in a definite 
electric current value. 

Also, in the organic EL elements having a three-layer 
structure, by comparing Comparative Example 9 with Comparative 
Examples 10 to 12, it is clearly shown that by doping the 
electron transporting layer with the donor, the applying 
voltage in a definite electric current value is lowered but the 
light emission efficiency is also lowered. 

Then, by comparing Example 15 with Comparative Example 
10, comparing Example 16 with Comparative Example 11, and 
comparing Example 17 with Comparison Example 12 and Examples 
22 to 24, it can be seen that by forming the hole injection 
restraining layer between the light emitting layer and the 
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electron transporting layer , lowering of the light emission 
efficiency can be restrained while lowering the applying 
voltage in a definite electric current value. 

Also, from Example 15 and Example 18 , it can be seen that 
5 as the height of the energy barrier between the hole injection 
restraining layer and the light emitting layer is higher, holes 
can be more effectively confined, whereby the light emission 
efficiency becomes better. 

Then, by comparing Examples 19 to 21 with Example 15, it 
10 can be seen that when the film thickness of the hole injection 
restraining layer is thinner, the effect of doping the donor 


is more obtained without increasing the applying voltage in a 

fil 

" definite electric current value. 


(3) When the hole transporting layer is doped with an 
15 acceptor and the electron transporting layer is doped with a 
donor : 

(3-1) Preparation of the organic EL element having a 
three -layer structure (hole transporting layer + light 
emitting layer + electron transporting layer) : 
20 Comparison Example 13 

A transparent substrate having formed on the surface 
thereof an indium- tin oxide (ITO) layer having a surface 

resistance of 10 Q/ and an area of 50 mm square was used, the 
ITO layer was patterned into stripes of 2 mm in width, after 

25 washing it with water, the substrate was subjected to pure- 


t ' i 


water ultrasonic washing for 10 minutes, acetone ultrasonic 
washing for 10 minutes, and isopropyl alcohol vapor washing for 

5 minutes, and dried at 100°C for one hour. Then, the substrate 
was fixed to a substrate holder in a resistance-heating vapor 

deposition apparatus and the apparatus was evacuated to a 

vacuum of 1 x 10" 4 Pa or lower. In addition, the patterned ITO 
layer is used as an anode. 

Thereafter, as a hole transporting layer, each of NPD and 
TCNQ was laminated on the substrate at vapor deposition rates 
of 0 . 4 nm/ second and 0 . 004 nm/ second respectively such that the 
film thickness became 50 nm. 

Then, as a light emitting layer, BAlq was laminated on the 
hole transporting layer at a vapor deposition rate of 0.2 
nm/second such that the film thickness became 20 nm. 

Then, as an electron transporting layer, each of Alq 3 and 
TPA was laminated on the light emitting layer at vapor 
deposition rates of 0.4 nm/second and 0.004 nm/second 
respectively such that the film thickness became 30 nm. 

Finally, a cathode made of LiF-Al was formed by laminating 
LiF on the light emitting layer at a vapor deposition rate of 
0.02 nm/second such that the film thickness became 1 nm and by 
laminating Al on the LiF film at a vapor deposition rate of 0 . 6 
nm/second such that the film thickness became 100 nm. 

Thus, an organic EL element composed of the anode, the hole 
transporting layer, the light emitting layer, the electron 
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transporting layer, and the cathode was obtained • 
Example 2 5 

By follov/ing the same procedure as Comparative Example 13 
except that between the hole transporting layer and the light 
emitting layer, as an electron injection restraining layer, NPD 
was laminated at a vapor deposition rate of 0 . 2 nm/second such 
that the film thickness became 10 nm, and between the light 
emitting layer and the electron transporting layer, as a hole 
injection restraining layer, Alq 3 was laminated at a vapor 
deposition rate of 0.2 nm/second such the film thickness became 
10 nm, an organic EL element was obtained. 

Example 26 

By following the same procedure as Comparative Example 13 
except that between the hole transporting layer and the light 
emitting layer, as an electron injection restraining layer, 
MTDATA was laminated at a vapor deposition rate of 0 . 2 nm/second 
such that the film thickness became 10 nm, and between the light 
emitting layer and the electron transporting layer, as a hole 
injection restraining layer, tBu-PBD was laminated at a vapor 
deposition rate of 0.2 nm/second such that the film thickness 
became 10 nm, an organic EL element was obtained. 

Example 27 

By following the same procedure as Example 25 except that 
as the hole transporting layer, each of NPD and HCNB was 
laminated at vapor deposition rates of 0.4 nm/second and 0.004 


nm/second respectively such that the film thickness became 50 
nm and as the electron transporting layer, each of Alq 3 and 
perylene was laminated at vapor deposition rates of 0.4 
nm/second and 0.004 nm/second respectively such that the film 
thickness became 30 nm, an organic EL element was obtained. 

The constructions of the organic EL elements obtained in 
(3-1) described above are shown in Table 5 below. 



Thickness 
of hole 

injection 
restrainin 
g layer 


10 nm 

E 

a 
o 

rH 

10 nm 

Donor 
concentrat 
ion (wt.%) 
(*2) 

tH 

tH 

tH 

tH 

Thickness 
of 

electron 
injection 
restrainin 
g layer 


10 nm 

10 nm 

10 nm 

Acceptor 
concentrat 
ion (WT.%) 
{*!) 

tH 

tH 

tH 

tH 

Element Construction 

Electron 
transporti 
ng layer 

rH 
< 

t? 

rH 
< 

H 

< 

t? 
rH 
< 

Donor 

TPA 

TPA 

TPA 

Perylen 
e 

Hole 
injection 
restrainin 
g layer 

i 

rH 
< 

tBu-PBD 

tBu-PBD 

Light 
emittin 
g layer 

BAlq 

BAlq 

BAlq 

BAlq 

Electron 
injection 
restrainin 
g layer 

i 

NPD 

MIDATA 

MIDATA 

Accep 
tor 

TCNQ 

TCNQ 

TCNQ 

HCNB 

Hole 
transpo 
rting 
layer 

NPD 

NPD 

NPD 

NPD 


Compara 

tive 
Example 
13 

Example 
25 

Example 
26 

Example 
27 


(3-2) Measurement of element characteristics: 

About the organic EL elements obtained as described 

above, the characteristics of them were measured under the 

same conditions as in (1-3). 

The results obtained are shown in Table 6 . 
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The results shown in Table 6 are explained. 

In the organic EL elements having three-layer structure, 
by comparing Examples 25 to 27 with Comparative Example 13, it 
can be seen that by forming the electron injection restraining 
layer between the hole transporting layer and the light 
emitting layer and by forming the hole injection restraining 
layer between the light emitting layer and the electron 
transporting layer, lowering of the light emission efficiency 
can be restrained while lowering the applying voltage in a 
definite electric current value. 

As described above in detail, according to the present 
invention, by forming the electron injection restraining layer 
between the light emitting layer and the hole transporting 
layer doped with the acceptor, or by forming the hole injection 
restraining layer between the light emitting layer and the 
electron transporting layer doped with the donor, or by forming 
both the electron injection restraining layer and the hole 
injection restraining layer, an organic EL element having 
excellent electric characteristics (low resistance and high 
light emission efficiency) and the excellent rectification 
characteristics (the leak current under a reverse bias is 
small) can be obtained. 


